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(54) DNA chip and reactive solid carrier 

(57) A reactive solid carrier favorably employable for 
manufacturing DNA chip is composed of a solid carrier 
and a plurality of vinylsulfonyl groups or their reactive 
precursors each of which is fixed onto a surface of the 
solid carrier by covalent bonding via a linking group, and 



a method for producing a DNA chip is performed by 
bringing the reactive solid carrier into contact with nu- 
cleotide derivatives or their analogues having a reactive 
group which is reactive with the vinylsulfonyl group or 
reactive precursor fixed to the solid carrier. 
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BACKGROUND OF THE jjWENTION 

E2y a probe oligonuc.eotide which is comple- 

fixed onto a so.id carrier (e.g., solid substrate) S^I^SS??- , J?"* 6 0,i 9° nucleotide ■ generally 
acd fragment in a sample liquid is provided witV a ?uoSimSlS \ ' P d6teCti ° n P rocedu ^s, a nucleic 
s brought into contact with the probe oligonudeottte of Z^^TSJ? - and th6n the samp,e «*•« 
Hqu,d ,s complementary to the probe ohgonuc.eotide the Celled n Zt ' abe ''f nuc,eic acid ^gment in the sample 
oligonucleotide by hybridization. The labelled ™2 add Smlt T„ f C,d K fragment is combined with the probe 
probe oligonucleotide is then detected by an ^appropriate d^ ChiP by W™™">" with the 
The DNA chip is widely employed in the qene teZofnl f SUCh 35 fluoro ™try °r autoradiography 

fragment and sequencing a nucleic acid techn °'°9y. 'or .nstance, for detecting a complementary nucleic acid 

jr^™^^ number of complementary nucleic acid fragments 

--atio^ 

[0005] RE. Nielsen e. al„ Science 254, 1 497 1 Id P T, PP ' 137138 ("OS)). 
(1997) describe PNA (Peptide Nucleic Acid or PolyaS Le Nuc at ^TlH " Bi ° ChemiSt ^ 36 ' PP-5072-5077 
m the same manner as DNA fragment does PNA has a ool^l T 7 , J? negatiVS ° har9e and 1 uncti °"s 
neither glucose units nor phosphate groups P°Vam,de skeleton of N-(2-aminoethyl)g|ycine units and has 

EL^h^ ° f " PNA is able to 

given by a probe oligonucleotide ^^SZ^^i^ l™* ^ ,h * ^ 
of Japan Chemical Society, pp. 12B7 , f^S^SSSS^ " " ^ ^ ^ C °^ ce 

I on 7 i enS"^ P-e fixed onto a solid carrier at 

combination of avidin and biotin P ' The PNA probe ,s flxed onto *e solid carrier by the known 

^n^™„s 

[00091 Since thp pma u , OT a com P'ernentary nucleic acid fragment 

LJL&^22£?££r » 8 ^ in . sam p,e „ quW , an 

pZLtlSttX 0 ^ ^JSaST*'-' ' — -* « n»9n. U c,e<>„ a9s o r 

fix the DNA fragment to the carrier via -teEiTE^ "? " 3 ° NA chi P-P re P a -g device to 

[00 .3] In the case that the oligonucleotides^ svnth^L.K ' f 9 * ^ SUrfaCS ° f the Phonic coat, 
solution of the synthetic o.igonudeotid^ s spo^T^ZZTet ^ Vr" 0 "*' 9r ° UP ' an 9qUe0US 
bonding between the oligonucleotides and the canto JSJZ c . d carrier to P r °^e covalent 

2121-2125, 1994, and Guo Z et al Nucl aLTr , c! c Lamt " re ' J ' B - et al - Nucl Acid s Res., 22 
cov alently bonded t0 the suda'celc^ ^ G ^ the oligonucleotides are 

nucleotide (Yershov, G., et al., P roc Natl Acad Sd S tZT^^tT™ po, W a ™ d e ""d the o.igo 
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chip, forming on the microelectrode a streptoavidin-comprising agarose layer, and attaching biotin-modified DNA frag- 
ment to the agarose layer by positively charging the agarose layer. Schena, M., et al., Proc. Natl. Acadl Sci. USA, 93, 
10614-10619 (1996) teaches a process comprising the steps of preparing a suspension of an amino group-modified 
PCR product in SSC (i.e., standard sodium chloride-citric acid buffer solution), spotting the suspension onto a slide 
glass, incubating the spotted glass slide, treating the incubated slide glass with sodium borohydride, and heating thus 
treated slide glass. 

[001 5] As is explained above, most of the known methods of fixing separately prepared DNA fragments onto a solid 
carrier utilize the electrostatic bonding or the covalent bonding such as described above. 

[0016] In any DNA chips having separately prepared oligonucleotide probes on its solid carrier the oligonucleotide 
probes should be firmly fixed onto the carrier, so that the hybridization can proceed smoothly between the fixed oligo- 
nucleotide probes and target DNA fragments complementary to the fixed oligonucleotide probes. 
[001 7] Un ited States Patent No. 5,387,605 describes a method of separating a target DNA fragment by binding target 
DNA fragments labelled with a biotin molecule with a substrate having abidin molecules. 

[0018] United States Patent No. 5,094,962 discloses a detection tool for a ligand-receptor assay in which receptor 
*5 molecules are bonded to a porous polymer particle having a reactive group. 

SUMMARY OF THE INVENTION 

[0019] It is an object of the present invention to provide a reactive solid carrier which is favorably employable for 
20 preparing a solid carrier having nucleotide derivatives or their analogues on its surface. 

[0020] It is another object of the invention to provide a solid carrier having nucleotide derivative probes or their 
analogue probes on its surface, which is. favorably employable as so-called DNA chip for fixing and detecting oligo- 
nucleotides or polynucleotides such as DNA fragments by way of hybridization. 

[0021 ] The present invention resides in a reactive solid carrier comprising a solid carrierand a plurality of vinylsulfonyl 
groups or their reactive precursors each of which is fixed onto a surface of the solid carrier by covalent bonding via a 
linking group. 

[0022] In the reactive solid carrier of the invention, the vinylsulfonyl group or its reactive precursor linked to the linking 
group is preferably represented by the following formula: 



25 



30 



SO 
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L - SO, 



in which L represents a linking group, and X represents a group of -CR 1 =CR 2 R 3 or -CHR L CR 2 R 3 Y wherein each of 
R 1 , R 2 and R 3 independently is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, an aryl group having 6 

35 to 20 carbon atoms, or an aralkyl group having 7 to 26 carbon atoms in which its alkyl group has 1 to 6 carbon atoms; 
Y represents a halogen atom, -S0 2 R 11 , -OCOR 12 , -OS0 3 M, or a quaternary pyridinium group; R 11 is a hydrogen atom! 
an alkyl group having 1 to 6 carbon atoms, an aryl group having 6 to 20 carbon atoms, or an aralkyl group having 7 to 
26 carbon atoms in which its alkyl group has 1 to 6 carbon atoms; R 12 is an alkyl group having 1 to 6 carbon atoms, 
or a halogenated alkyl group having 1 to 6 carbon atoms; and M is a hydrogen atom, an alkali metal atom, or an 

40 ammonium group. 

[0023] The reactive solid carrier of the invention is preferably produced by bringing a solid carrier having reactive 
groups on its surface into contact with disulfone compounds having the following formula: 



X 1 - SO z - L 2 - S0 2 - X 2 



in which L 2 represents a linking group, and each of X 1 and X 2 represents a group of -CR 1 =CR 2 R 3 or -CHR 1 -CR 2 R 3 Y 
wherein each of R 1 , R 2 and R 3 independently is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms : an aryl 
group having 6 to 20 carbon atoms, or an aralkyl group having 7 to 26 carbon atoms in which its alkyl group has 1 to 
6 carbon atoms; Y represents a halogen atom, -S0 2 R 11 , -OCOR 12 -OS0 3 M, or a quaternary pyridinium group; R" is 
a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, an aryl group having 6 to 20 carbon atoms, or an aralkyl 
group having 7 to 26 carbon atoms in which its alkyl group has 1 to 6 carbon atoms; R 12 is an alkyl group having 1 to 
6 carbon atoms, or a halogenated alkyl group having 1 to 6 carbon atoms; and M is a hydrogen atom, an alkali metal 
atom, or an ammonium group. 

[0024] The DNA fragment-detection tool of the invention, that is, a solid carrier having probes of nucleotide derivatives 
or their analogues fixed onto its surface is preferably manufactured by bringing a reactive solid car her comprising a 
solid carrier and a plurality of vinylsulfonyl groups or their reactive precursors each of which is fixed onto a surface of 
the solid carrier by covalent bonding into contact with nucleotide derivatives or their analogues having a reactive group 
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at:: irsc^ssac ;sr: m „ the nucleotide derjv . 

[0025] The detection method of the ^ertioZZ^T^T PepHde acids < ie " p NA> . 

performed by bringing the so.id carrterZ^^rnS^^^"^ SUCh 38 ° NA can be 

into contact with oligonucleotides or polynucleotides (IZllT t ^>f? * ™ ' he ' r analoau es fixed onto its surface 
Probes of nucleotide derivatives or their ^^^^^^^ « complementary to the 



X 1 -S0 2 -L 2 -X 3 
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carbon atoms, or an aralky. gro'up L^i^XS^S^J, M ha ™9 6 "> "° 

represents a halogen atom, -S0 2 Rn, -OCOR12 OSO m or Z! * ^ gr ° Up has 1 t0 6 carbon atoms; Y 
an.alky, group naving , ,„ „ ^ g ^^^"^g^i-n group; Rti „ a hydrogen atom _ 

26 carbon atoms in which its a.kyl group has 1 to ca*on aSn. R« is a „ T ' ° f M aralk y' —up having 7 to 
or a halogenated alkyl group having 1 to 6 carbon atom • anT M I > * 9r ° UP ^ 1 t0 6 Carbon at0 ™. 

ammon,um group, and X3 represents a maleimidegLpThafooen a o" /„ ^ at ° m ' " a ' kaN metal a,om ' ° r a " 
FOO^'T ^ 9r ° UPl ^ a ' dehyde 9r ° Up 0r a caSoxW group 9 thioisoc yanate group, 

'-Lac^"^^ 

polymer chains. In this reactive solid carrier, the vinylsulfonvf Trot or £ 7" by C0Valent b °^n9 via hydrophL 
« preferably represented by the following formula P PreCUrS ° r linked t0 the "nking group 



-L-S0 2 -X 



atom, an alkyl group having 1 to 6 carbon atoms an laM^ronn "■ «? ™ ^arypyndinium group; R" isahydrogen- 
7 to 26 carbon atoms in which its alkyl grouj has 1 to 6 caZ atom? if ""J 0 " ^ ° r an aralk V 9™P ha "ng 

r m ~ a,kyl 9roup havi - ' to 6 *»^«rrra m r a rri 

a solid carrier and a plurality of vinylsulfonyl a^^tSlri^ ^ nnfl,n9a ^ MOlW ^ r «* m P' , -'n8 

of the solid carrier by cova.en, bonding via a ^op^ZTl J'T^ " WhiCh to fiXed ° nt ° a 

analogues having a reactive group which b SSIT ^ COntaCt With nuc 'aotide derivatives or their 

[0029] The reactive so.id carrier 2 the nvention ^1 V,ny,SU . lfon y' arou P or reactive precursor. 

groups or their reactive precursors Tl^JT^T^ZT, I ^ ^ 8 P ' Ura ' ity ° f 

the solid carrier by covalent bonding at a numbeT of sites whS n ,? ^ " Wh, ' Ch iS fiXed ° nl ° a surrace °< 

groups or their reactive precursors linked toTe polyme^ cVa,n " Sma " er " Umber «* ™ylsulfony, 

USr ITr/CeTe^" -up or its reactive precursor linked to the 



-L-(- S0 2 -X) K 



carbon atoms, or an aralky, ^Z^^J^S!^^ '1° I ^ ^ ™ ^ 9 ™> havin 9 6 * 2o" 
represents a halogen atom, *oJff\ SSorV qso, m 2 TouT * ?* 9r ° UP h3S 1 t0 6 Ca *° n ^ms; Y 

' ° S ° 3M ' ° r 3 auater nary pyndinium group; R1 1 j S a hydrogen atom, 
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an alkyl group having 1 to 6 carbon atoms, an aryl group having 6 to 20 carbon atoms, or an aralkyl group having 7 to 
26 carbon atoms in which its alkyl group has 1 to 6 carbon atoms; R 12 is an alkyl group having 1 to 6 carbon atoms 
or a halogenated alkyl group having 1 to 6 carbon atoms; and M is a hydrogen atom, an alkali metal atom, or an 
ammonium group, and k is an integer of 2 or more. 

[0031 ] The solid carrier having nucleotide derivatives or their analogues fixed onto its surface, that is so-called DNA 
chip, can be manufactured by bringing a reactive solid carrier comprising a solid carrier and a plurality of vinylsulfonyl 
groups or their reactive precursors a number of which are linked to a polymer chain which is fixed onto a surface of 
the solid carrier by covalent bonding at a number of sites which number is smaller than the number of vinylsulfonyl 
groups or thei r reactive precursors lin ked to the polymer chain into contact with nucleotide derivatives or their analogues 
having a reactive group which is reactive with the vinylsulfonyl group or reactive precursor, 

BRIEF DESCRIPTION OF DRAWINGS 



[0032] Fig. 1 schematically illustrates a representative oligonucleotide-f ixed solid carrier and its production processes 
'5 according to the invention. 

[0033] Fig. 2 schematically illustrates a process for fixing an oligonucleotide probe onto a solid carrier according to 
the invention. 

[0034] Fig. 3 schematically illustrates a process for fixing an oligonucleotide probe onto a solid carrier using a hy- 
drophilic polymer which is also according to ihe invention. 

[0035] Fig. 4 schematically illustrates a process for fixing an oligonucleotide probe onto a solid carrier using a multi- 
functional polymer chain which is also according to the invention. 



DETAILED DESCRIPTION OF THE INVENTION 
25 [Solid Carrier] 

[0036] The solid carrier can be any of known solid carriers or their equivalent materials, for instance, a glass plate, 
a resin plate, a metal plate, a glass plate covered with polymer coat, a glass plate covered with metal coat, and a resin 
plate covered with metal coat. Also employable is a SPR (surface plasmon resonance) sensor plate which is described 
in Japanese Patent Provisional Publication No. 11-332595. CCD is also employable as described in Nucleic Acids 
Research, 1994, Vol.22 ! No. 11, 2124-2125. 

[0037] The solid carrier should have a plurality of reactive groups such as amino, aldehyde, epoxy, carboxyl, mer- 
capto, or hydroxyl. Particularly preferred is an amino group. The amino group can be placed on the carrier by processing 
the carrier with a silane-coupling agent or coating an amine group-containing polymer (i.e., poly-cationic polymer) such 
as poly-L-lysine, polyethyleneimine, or polyalkylamine. When the silane-coupling agent is employed, the coupling agent 
is fixed to the carrier via covalent-bonding. When the amine group-containing polymer is employed, the polymer is 
fixed to the carrier by electrostatic bonding. Naturally, the covalent-bonding is preferred from the viewpoint of stable 
and reliable fixation. 

[0038] Examples of the silane-coupling agents include yaminopropyltriethoxysilane, N-p (aminoethyl)-y-aminopro- 
pyltrimethoxysilane, and N-p (aminoethyl) -y-aminopropylmethyldimethoxysilane. Most preferred is y-aminopropvltri- 
ethoxysilane. 

[0039] A combination of processing a solid carrier with a silane-coupling agent in combination with coating with a 
poly-cationic polymer is also employable. 

45 [Reactive solid carrier] 

[0040] The reactive solid carrier of the present invention comprises a solid carrier and a plurality of vinylsulfonyl 
groups or their reactive precursors each of which is fixed onto a surface of the solid carrier by covalent bonding via a 
linking group. 

so [0041] The vinylsulfonyl group or its reactive precursor linked to the linking group is preferably represented by the 
following formula; " 



55 



- L - S0 2 



[0042] In the formula, X represents a group of -CR , =CR 2 R 3 or -CHR1-CR2R3 Y . Each of R1, R2 and R3 independently 
is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms such as methyl, ethyl, n-propyl, isopropyl n-butyl or 
n-hexyl, an aryl group having 6 to 20 carbon atoms such as phenyl or naphthyl, or an aralkyl group having 7 to 26 
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<r- « to »„ x 5-5^ss r*r r.'bTKrsrs" • - - - oh - ° r - - ^ 

halogen atom, -S0 2 R", -OCOR12 -OSO M nra „..!♦ Examples of the groups of Y include a 

having 1 to 6 carbln atoms, an a^X^T^ZT^ ^ ^ an 

atoms in which itsalkylgroup has1 lLa£on*2! W^ZZ 1°' ™ ^ 9r0Up havin 9 7 »<> 26 carbon 
alky, group having 1 to 6 carbon atoms. M " T^L 'rtonl IZ^ T? ' t06carbona ^^raha,ogenated 
may have one or more substituents n W°9en atom : an alkal, metal atom, or an ammonium, group which 

[0044] Representative examples of the groups of X are illustrated below: 

(X1)-CH=CH 2 (X2)-Ch 2 CH 2 -Br (X3) -CH 2 CH 2 -CI 

(X4) -CHgCHL-OSO-CH, (XS) -PH ru r>cr-. r- u 

2 3 (X5) CH 2 CH 2 -OS0 2 C 6 H 5 (X6) -CH 2 CH 2 -OS0 2 C 6 H 4 -CH 3 

(XT) - CH 2 CH 2 OS0 3 Na (X8) -CH 2 CH 2 -OS0 3 K 
(X9) -CH 2 CH 2 -OCOCH 3 (X10) -CH 2 CH 2 -OCOCF 3 (X 1 1) -CH 2 CH 2 -OCOCHC, 5 



(X12) •/•v © ( X1 3> 



-ch.ch,-^ c, -ch 2 ch 2 -nQ^ch 2 ch 2 so 3 q 



(X14) 



@/=\ 



NHCH 2 Sof 



6 to 20 carbon atoms, a heterocyclic g^aZT^oZ^ZnZ 9 IV**™ ^ ^ 9roup ha ™9 
a divalent group such as. -O-, -S-, -SO- SO, SO nirTi rm ' k 1 * 3 het6r °- atoms slJCh « N. S, or P 
carbon atoms, preferably, 1-6 carbon atoms such asmethU or JttJV hybr ° 9en at ° m ' an 9™P hav '"9 1-15 
aralky, group of 7 to 21 carbon atoms ha^n an itl A * « 7 9r ° UP h3Vin9 6 " 2 ° Cart ° n at0ms ' or an 
can be present alone. However, the linking groups can bJ ZZh J ™ at ° mS) ' ° r " C °- These linkin 9 Sroups 

-CONR11-, - NRHCOO, and ^*C^f^^^^^^- L Can be ^ -*>NR«-, 

combined to form a ring. The a.kyl group, ary, gr^up and 1^ r Z ZXoZ Z ^ ^ ^ ^ be 
as a hydroxyl group, an alkoxy group having 1 to 6 caZnatZl .1 ? , haVeoneormores "bstituentssuch 
carbamoyl group having 2 to / carbon atoms an alkvla oun hi ' < ? ^ 9r ° UP haVing 1 to 6 cafbon a t°™. a 
16 camon atoms, an ary. group having 6 £j ca^atZ asufloJ T"*"-- M ara ' ky ' 9r ° Up ha ™9 
a carboxyl group (or its salt with Na. K, or l^cZTTha^nT "TP' ** ^ Na ' K ' ° r ° ther ca,ion >. 
atoms, an arylene group having 6 to 20 carbon atoms a su wforol ' " J"**™ 9r ° UP 1 t0 6 carbon 

[0047] Preferred examples of the L of the forn^u a are L ,T ?' r c ° k mb ' nati ° ns ° f these 9™PS ^ atoms. 
1 or 2. and V is an integer of 0 to 6, preferabfy 2 or 3) " n Wh ' Ch " a " * 90 inte9er of 1 t0 * preferably 
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<L1) (L2) 

— (CH^a — —(CHa)— 0-(CH2)3— 



(t3) 



-(CH2)5— CONR^-CCH^—NR^CO-tCHs)^ 



(L4) 



(L5) 



— (CHa^SOa— (CH2)5— 



-(CHjJr-CO-Ki^N-CO-CChfe)^ 
N 



CO-(CHj— 



(L6) 



(L7) 



N—N 



50 



[0048] The alkylene group of the above* illustrated divalent or trlvalent groups can have a substituent group repre- 
sented by -S0 2 CH=CH 2 . 

[0049] As for the group of "-L-SOg-X", the following groups also can be mentioned: 



35 



(X15) 



CH 3 

— N-S0 2 CH 2 CH 2 CI 



(X16) 



R 

/ 



— N-SOaCHfeCHa-OSOaH 



40 



(X17) 



R 
I 



— -N-SOjCHjCHa— SSOaH 



(X18) 



R 

t 



— N-SOjCHaCHaKCHafeX e 
e 



so 



(X19) 



~C-S0 2 CH 2 CH 2 CI 



(X20) 



— C-SOjC^CHjOSOaH 
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(XZ1) 

-HC-SP2CH 2 CH 2 SS0 3 H 



(X23) 



(X22) 



\ 



-C-S0 2 CH2CH 2 -N^ x e 



50 2 CH2CH 2 -^ , x e 



C 2 H 5 / 
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(X24) 



(X25) 



-C-S0 2 CH 2 CH 2 OSO ? CH 3 A-S0 2 CH 2 CH 2 OCOR 



(X26) 



C-S0 2 CH 2 CH 2 -S-C 



/ 



(X27) 



\ 



— C-S0 2 CH 2 CH 2 SO 2 R 
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(X28) 



(X29) 



\ ? H 3 
— C-S0 2 CH2GH 2 ^-N-S0 2 CH 3 



~C-SO z CH 2 CH 2 OH 



X'-SO.-L^SO^X 2 



10053, Rep,e s «,. ex. mple , or th. dis.lfona compound a,. ^ v 
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(SI) H 2 C=CH-S0 2 -CH 2 -S0 2 -CH=CH 2 
(S2) H 2 C=CH-S0 2 -CH 2 OCH 2 -S0 2 -CH=CH 2 
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(S3) H 2 C=CH-S0 2 -CH 2 Cri 2 CH 2 -S0 2 -CH=CH 2 

(S4) H 2 C=CH-S0 2 -CH 2 CH(OH)CH 2 -S0 2 -CH=CH 2 
(S5) H 2 C=CH-S0 2 -CH 2 CONHCH 2 CH 2 NHCOCH 2 -S0 2 -CH=CH 2 
(S6) H 2 C=CH-S0 2 .CH 2 CONHCH 2 CH 2 CH 2 NHCOCH 2 -S0 2 *CH=CH 2 

m 

H 2 C=CM— SO 2 -CHaCH2C0f/ ^NCOCHjCHj-SOjs— CH=CH 2 

(S3) 

HjC'CH-SC^-CHjCHjCON^NCOCHjC^-SCJj-CH'CHj 



COCHaCHj-SOa-CH^CH, 



(SB) 



0 3 SCH 2 CH,- 





y—CHjCHaSO^ 



(S10) 




CH^-SOa-CHsCH, 
HaC-CM-SQj-C^-C-CM, — Sp,-CH=CH a 

ClijSPjCHjCHjNHCHjCMjSOjNa 



<S12) 



HjC=CH— SOj-CK-SOi-CHsCH, 

CI^CMj-CH^SCbNa 




O-SOiCHsCHa 
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(S14) 

CH 2 =GHS0 2 ^ s C "\ .S0 2 CH=CH 2 
S0 2 CH=CH 2 

(S15) 

CICH=CHSO^: ^ CH : 
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S0 2 CH=CHCI 



30 



35 



45 



50 



x'-SO s .L 2 -X3 



40 [Nucleotide Derivative] 

be polynucleotide such as cDNA, a portion of cDNA or EST Th. „ DNA fragments. The nucleotide derivative may 
gene expression. Otherwise, nucleoude denvaWves to be fled ol'T ^ " faVOrably for 
are favorably employed for studying variations and votmo^TJ S °"i Carrier ma V be oligonucleotides, which 
solid carrier preferably is one of 3 loSO-J^Trep^TZ^r 6 S o'^^'^ide to be fixed onto the 
can have one or more substituent groups or cmssSa aroul -STL oli 9 onucle °«^ and polynucleotide 
no. impart adverse influence to the function of^Z^T'T"^ , * *" at,achment ° f *— groups does 
acid) which is described in J. Am. Chem. ^l^TS^^T^' LNA ( '° Cked ™ c,eic 

[0061] The nucleotide derivative or its anabn. Jt« h- . 1 6 em P'°y ed - 

its vicinity a reactive group which can eacTS the v^yZS IT* T^" ^ haVe 31 i,S °" e ^ " 
UUrab^n^ 

methylamino-hexylene group. * ,amn °- an V^^ group Preferred are a hexylene group and an IM 



MC OOOID <^P 
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[Mechanism of Fixation of Nucleotide derivatives] 

[0063] In Fig. 1 , a typical process for fixing a nucleotide derivative (typically, oligonucleotide) to a solid carrier ac- 
cording to the invention is schematically illustrated. 

[0064] In Fig. 1, (1) indicates a solid carrier, R is a reactive group attached to the solid carrier, (A) is a solid carrier 
having the reactive group. Each of X 1 and X 2 is a group represented by -CR1=CHR 2 , and L is a linking group. B is a 
reactive solid carrier to which a vinylsulfonyl-containing reactive group is attached via a linking group of R 4 . -NNNN... 
NN- is an oligonucleotide moiety, Q is a linking group, and Z is a covalent bonding site. 

[0065] In the step (2), the reactive solid carrier (B) is brought into contact with the oligonucleotide to give a DNA chip 
(C1) or (C2), in which (C1) is produced when X 2 is a group represented by -CR1=CHR 2 and (C2) is produced when 
X 2 is a group represented by -CR 1 =CR 2 R 3 . 

[0066] Fig. 2 illustrates the fixation of an oligonucleotide having a fluorescent label (Cy5) to a solid carrier (A) using 
a silane coupling agent and 1 ,2-bis(vinylsulfonylamide)ethane. The reactive solid carrier is indicated by (B) and the 
resulting DNA chip is indicated by (C) 

[0067] Fig. 3 illustrates the fixation of an oligonucleotide to a solid carrier (1) having a reactive group (R 1 ) on its 
surface. The solid carrier is brought into contact with a hydrophilic polymer having two or more vinylsulfonyl groups 
(R 2 ) in the step denoted by 2. In the resulting reactive solid carrier (2), the polymer chain is attached to the solid carrier 
via a linking group L 1 In the step denoted by 3, the reactive solid carrier (2) is brought into contact with an oligonucleotide 
to which is attached a reactive group R 3 via a cross-linker (CL). The reactive group R 2 and the reactive group R 3 are 
20 reacted with each other to form a linking group L 2 . 

[0068] Fig. 4 illustrates the production of a reactive solid carrier onto which a plurality of vinylsulfonyl groups are 
attached using a multi-functional polymer chain. 
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[Procedure of Fixation} 



[0069] The nucleotide derivatives (or their analogues) to be fixed on the solid carrier are dissolved or dispersed in 
an aqueous solution. Generally, the aqueous solution is once placed on a plastic plate having 96 or 384 wells, and 
then spotted onto a solid carrier using a spotting means. 

[0070] In order to keep the spotted aqueous solution from evaporating, it is preferred to add a high boiling-point 
compound to the aqueous solution containing nucleotide derivatives. The high boiling-point compound should be sol- 
uble in an aqueous medium, should not disturb hybridization procedure, and preferably has an appropriate viscosity. 
Examples of the high boiling-point compounds include glycerol, ethylene glycol, dimethylsulfoxide, and a hydrophilic 
polymer having a low molecular weight (typically, in the range of 10 3 to 10 6 ) such as polyacrylamide : polyethylene 
glycol, or poly(sodium acrylate). The high boiling-point compound preferably is glycerol or ethylene glycol. The high 
35 boiling-point compound is preferably incorporated into an aqueous nucleotide derivative solution in an amount of 0.1 
to 2 vol.%, particularly 0.5 to 1 vol.%. Otherwise/the spotted aqueous solution is preferably kept at under the conditions 
of a high humidity (such as 90%RH or more) and an ordinary temperature (25 to 50°C) . 

[0071 ] The aqueous solution is spotted onto the solid carrier under the condition that each drop of the solution gen- 
erally has a volume of 100 pL to 1 uX, preferably 1 to 100 nL The nucleotide derivatives preferably spotted onto the 
solid carrier are in an amount (number) of 10 2 to 10 5 /cm 2 . In terms of mol., 1 to 10-15 moles are spo tted. In terms of 
weight, several ng or less of nucleotide derivatives are spotted. The spotting of the aqueous solution is made onto the 
solid carrier to form several dots having almost the same shape and size. It is important to prepare these dots to have 
the same shape and size, if the hybridization is quantitatively analyzed. Several dots are formed separately from each 
other with a distance of 1 .5 mm or less, preferably 1 00 to 300 jim. One dot preferably has a diameter of 50 to 300 u.m. 
[0072] After the aqueous solution is spotted on the solid carrier, the spotted solution is preferably incubated, namely, 
kept for a certain period at room temperature or under warming, so as to fix the spotted nucleotide derivatives onto 
the carrier. In the course of incubation, UV irradiation or surface treatment using sodium borohydride or a Shiff reagent 
may be applied. The UV irradiation under heating is preferably adopted. It is assumed that these treatments are effective 
to produce additional linkage or bonding between the solid carrier and the attached oligonucleotide derivatives. The 
free (namely, unfixed) nucleotide derivatives are washed out using an aqueous solution. Thus washed solid carrier is 
then dried to give a nucleotide derivative-fixed solid carrier (such as DNA chip) of the invention. 
[0073] The nucleotide derivative-fixed solid carrier of the invention is favorably employable for monitoring of gene 
expression, sequencing of base arrangement of DNA, analysis of mutation, analysis of polymorphism by way of hy- 
bridization. 

[Sample Nucleic Acid Fragment - Target] 

[0074] A target DID fragment or a sample DNA fragment, which is subjected to the analysis concerning the presence 
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from tissues other than erythrocyte. In the «Z^J£S^"j£T- ° NA '^ ment is ° btain * d 

is expressed. If the DNA chip has an oligonucLtideTixed Ito ^2?^*.? ff0m tiSSUeS in which mRN * 

U^!^ «- * a Wn method. The non-B, ,a bel 

tab*. The fluorescence labe. is most pJZ£%£Z ExampTes* S bi ° tin and ChemiCa ' '^-escence 
(e.g., Cy3 and Cy5 belonging to Cy Dye™ series rhodalS Tr 'fluorescence labels include cyanine dyes 

and AAIF (iodide derivative of AAF) The taraet oTLmn^nwTf 96nt ' N - ace,0 *y- N2 -acetylaminof.uorene (AAF) 
can be simultaneously analyzed, ]f the Sr^ nee M^X^JZ^*" ^"'-escence indicators 
employable is an electroconductive label. lna, cators have fluorescence spectrum of different peaks. Also 



[Hybridization] 



a surface active agent, to remove a free (namel unfixed) samo le n a , * aqU60US bu " er solution ""fining 
» sodium dodecylsulfonate (SDS) The buffer solutten ™ . * P ? fra9ment The s ^ace active agent preferably 
borate buffer solution. Tris ^IJZ^^^^T: buffer solution, a phosphate buffer solution, a" 
[0077] The present invention is further described by fhe fotl g exam'S S ° ,Uti ° n " 
[Example 1 - Manufacture of Oligonucleotide-fixed plate] 
(1) Preparation of reactive solid carrier 

washed with ethanol, and dried at 11 0'C for 10 min Thus a sZ* ™ f UbSeqUentl * the slide was taken out, 
[0079] The silane coupling agent-treated s ide *ass thf , ? 9 a9enWreated slide glass was prepared, 
taining 5 wt.% of 1 .2-bls(vin^Lwte^S^oT the " plaCed ,n a Phosphate buffer solution (pH 8.5) con- 
the solution, washed with J^me Z Z^cZlZ^ °Z Subsequentl » the ^ 9'ass was taken out of 
a vinylsulfony. group on its surface redUCed Pr6SSUre ' t0 pre P are a ^active plate having 

(2) Fixation of Oligonucleotide and Measurement of Fluorescence Strength 
[0080] An oligonucleotide (3'-CTAGTCTGTGAAGTGTrTr/n7- c . „ 

and a fluorescent label (FluoroLink, Cy5-dCTP available , from It ?' " 9 ^'^"^'ycine at 3'-terminal 
dispersed in 1 uL of an aqueous so ution contain^ Tr^tT* Pna ™ac,a Biotec Corp.) at S'-terminal was 
x 1 0-6 M . The buffer solution y^T^M^to Z^ buffer solution (0.1 M, pH 9.3) at a concentration of 1 
kept at 25»C, 90%RH for one ^S^S^ZSZ TlT^ ° > ^ "« °* W * S immediatel V 
0.1 wt. % SDS (sodium dodecylsulfatet Tin I Z o ^ success,ve| y twice with a mixture of aqueous 
sodium ch.oride-citra«e buffer Son ^ S ° llJti ° n ( ° btained * ,WiCe dHUting Standard 

placed in an aqueous 0.1 M tf^^^l^m^T* 2XSS ° S ° ,Uti0n ThUS washed P ,ate wa * 

temperature. 9 V 0 " (pH 1 0) f ° r 1 5 hours - washed ^ distilled water, and then dried at room 

ZleS^^ 

the oligonucleotides are well fixed* 'ZsTde Tglas^ background fluorescence strength. This means that 



[Example 2,- Detection of Target Oligonucleotide] 
(1) Preparation of DNA chip 



B«ec Con,., a, ,, emM was aBpersM ,„ , „ J^iS^JST.^- 
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M, pH 9.3) at a concentration of 1 x 10" 6 M. The buffer solution was then spotted onto the reactive plate obtained in (1) 
of Example 1 , and this was immediately kept at 25°C, 90%RH for one hour. Thus treated plate was then washed 
successively twice with a mixture of aqueous 0.1 wt.% SDS (sodium dodecylsulfate) solution and aqueous 2xSSC 
solution (obtained by twice diluting standard sodium chloride-citrate buffer solution (SSC)), and once with the aqueous 
0.2xSSC solution. Thus washed plate was placed in an aqueous 0.1 M glycine solution (pH 1 0) for 1 .5 hours, washed 
with distilled water, and then dried at room temperature, to prepare a DNA chip. 

(2) Detection of target oligonucleotide 

[0083] A target oligonucleotide (CTAGTCTGTGAAGTTCCAGATC-5 , 22-mers) having Cy5 (fluorescent label) at its 
5'-terminal was dispersed in 20 uX of a hybridizing solution (mixture of 4 x SSC and 10 wt.% SDS) . The resulting 
solution was spotted onto the DNA chip prepared in (1) above, and its spotted surface was covered with a covering 
glass. Thus covered chip was subjected to incubation at 60°C for 20 hours in a moisture chamber. The incubated chip 
was washed successively with a mixture of O.I wt.% SDS and 2xSSC, a mixture of 0.1 wt.% SDS and 0.2xSSC, and 
an aqueous 0.2xSSC solution, centrifuged at 600 r-p.m. for 20 seconds, and dried at room temperature. 
[0084] The fluorescence strength of thus treated DNA chip was measured using a fluorescence scanning apparatus. 
The fluorescence strength was 1 ,219, which was well higher than the background fluorescence strength. This means 
that the target oligonucleotides are well fixed to the DNA chip having the complementary oligonucleotide probe. 

[Example 3 - Manufacture of Oligonucleotide-fixed plate] 

(1) Preparation of reactive solid carrier 



[0085] A slide glass (25 mm x 75 mm) was immersed in an ethanol solution of 2 wt.% aminopropyltriethoxysilane 
(available from Shin-etsu Chemical Industries, Co., Ltd.) for 10 minutes. Subsequently, the slide glass was taken out, 
washed with ethanol, and dried at 110°C for 10 min. Thus, a silane coupling agent-treated slide glass was prepared. 
[0086] The silane coupling agent-treated slide glass was then placed in a solution of 0.5 g of chlorosulfonyl isocyanate 
in 1 ml_ of acetonitrile for 2 hours : taken out of the acetonitrile solution, washed with acetonitrile, and dried for one hour 
under reduced pressure, to prepare a reactive plate. 

(2) Fixation of Oligonucleotide and Measurement of Fluorescence Strength 

[0087] An oligonucleotide (3'-CTAGTCTGTGAAGTGTCTGATC-5 , 22-mers) having L-glutamylglycine at 3'-terminal 
and a fluorescent label (FluoroLink, Cy5-dCTP, available from Amasham Pharmacia Biotec Corp.) at S'-terminal was 
dispersed in 1 pi of an aqueous solution containing a carbonate buffer solution (0.1 M, pH 8.0) at a concentration of 
1 x 1 0' 6 M. The buffer solution was then spotted onto the reactive plate obtained in (1 ) above, and this was immediately 
kept at 25°C, 90%RH for one hour. Thus treated plate was then washed successively twice with a mixture of aqueous 
0.1 wt.% SDS solution and aqueous 2xSSC solution, and once with the aqueous 0.2xSSC solution. Thus washed plate 
was placed in an aqueous 0.1 M glycine solution (pH 10) for 1 .5 hours, washed with distilled water, and then dried at 
room temperature. 

[0088] The fluorescence strength of thus treated plate was measured using a fluorescence scanning apparatus. The 
fluorescence strength was 3,100, which was well higher than the background fluorescence strength. This means that 
the oligonucleotides are well fixed to the slide glass. 

[Example 4 - Detection of Target Oligonucleotide] 

(1 ) Preparation of DNA chip 

[0089] The procedure of Example 1 -(1 ) was repeated except for using the same nucleotide oligomer but having no 
fluorescent label at 3' -terminal, to prepare a DNA chip. 

(2) Detection of target oligonucleotide 

[0090] A target oligonucleotide (CTAGTCTGTG AAGTTCC AG ATC -5' , 22-mers) having Cy5 (fluorescent label) at its 
5'-terminal was dispersed in 20 u,L of a hybridizing solution (mixture of 4 x SSC and 10 wt.% SDS) . The resulting 
solution was spotted onto the DNA chip prepared in (1) above, and its spotted surface was covered with a covering 
glass. Thus covered chip was subjected to incubation at 60°C for 20 hours in a moisture chamber. The incubated chip 
was washed successively with a mixture of 0.1 wt,% SDS and 2xSSC, a mixture of 0.1 wt.% SDS and 0.2xSSC and 
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an aqueous 0.2xSSC solution, centrif uged at 600 r o m f nr Muwuill 

[0091] The fluorescence strength of thus treated DMA ll It ' T *"* r °° m ,em P erat ^ 
The fluorescence strength was 1 078. S^^^SSIST'? USi " 9 ' f ' UOreSCence sca "™9 apparatus. 
,at the target o.igonuc.eotides are W e,,f iXed to^ 

[Example 5 - Manufacture of Oligonucleotide-fixed plate] 

-e P « for employing 0.5 g of succinimidiny, (4-vi- 
[0093] The fluorescence strength of the orSlr 7 ,' ,0prepare an °«9°nucleotide.fixed plate, 
scanning apparatus. The Lore fencl strenXa tS^S^Sfl m6aSUred " Sin9 3 fl ~- e 
strength. This means that the o.igonuCeotX a" "el", fSd to the "Lliasf " ^ *" 

[Example 6 - Detection of Target Oligonucleotide] 

(1) Preparation of DNA chip 

(2) Detection of target oligonucleotide 

Tha fluor^no. strenglh „ as ^ J£ «I ll.T^ US '" 9 * '"""» sc *"« ««"*>9 apparatus. 

- »_* s „. wen «rr^^rrss^s;ssi sir- 

[Example 7 - Detection of Target Oligonucleotide] 

(1 ) Synthesis of complex of vinylsulfone compound and silane-coupling agent 

sating reagent). The mixture was stirred ?or 2 houi a room temoefan r^Th " t heXy ' Carb0diimide (DCC < conden - 

(2) Production of divinylsulfone compound-fixed plate 

a,mx,oMo mhule s,,. gi , e , h ei. lre ,°— ^ 

(3) Fixation of Oligonucleotide and Measurement of Fluorescence Strength 
[0099] An oligonucleotide (3 1 -CTAGTCTGTGAAGTGTCTratc- * • oo 

na. and a fluorescent label (FluoroLInk CyS-dCT? a IS2 f™1 ' k™^ aVm9 "-^^^'ycine at 3'-termi- 
was dispersed in 1 u,L of an aqueous so'.uuon JS^t^ , '""^ C ° rP ) " 5 '- ,6rminal 

of 1 x 1 0-6 M . The buffer-solution was ft«S^c^S JSS I" °" < 0 - 1 M ' P H 8 0) a. a concentration 

kept a, 25°C, 90%RH for one hour Thus Sea olie was th - ? T T*™* <2) ^ and thiS W3S lately 
0, wt % SOS solution and aqueousS^ ^ 3 ST - " ^ 

was placed in an aqueous 0.1 M glycine solution (oH ir» for 1 Th ac J ue ^ 0.2xSSC solution. Thus washed plate 
room temperature. (P 1 0) f ° r 1 5 h ° Urs ' washed with di ^Hed water, and then dried at 
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the oligonucleotides are wel. fixedTo the^Ls background fluorescence strength. This means that 
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[Example 8 - Manufacture of Oligonucleotide-fixed electrode] 

(1 ) Preparation of reactive electrode 

5 [0101] On a gold electrode (surface area: 2.25 mm 2 ) was spotted 2 jiL of an aqueous 1 mM 11-amino-1-undecathiol 
solution. The spotted solution was allowed to stand for 1 0 hours at room temperature, keeping the solution from evap- 
orating, and then washed successively with distilled water and ethanol. On thus treated gold electrode was spotted a 
phosphate buffer (pH 8.5) containing 3% of 1 ,2-bis (vinylsulfonylacetamide)ethane. The spotted electrode was allowed 
to stand for 2 hours at room temperature, washed successively with distilled water and ethanol, and dried for one hour 

10 under reduced pressure, to give a gold electrode having a vinylsulfonyl group which was covalently attached to the 
surface of the electrode, that is, a reactive electrode. 

(2) Fixation of oligonucleotide 

is • [0102] On the reactive electrode was spotted 2 uJ of an aqueous solution containing 1 00 picomol./uX of T 20 (thymine 
20-mers having an aminohexyl group at its S'-terminal). The spotted solution was allowed to stand for one hour at room 
temperature, and the unfixed T 20 was washed out, and dried, to give an electrochemical analytical element. 

(3) Preparation of ferocene-labeled oligonucleotide 

20 

[0103] An aminohexyl linker was connected to the S'-terminal of adenine 20-mers (A 20 ). Thus prepared oligonucle- 
otide having the aminohexyl linker was treated in the manner described in Takenaka et at, Analytical Biochemistry, 
218, 436-443 (1 994), to.obtain an adenine 20-mers which was labeled with a ferocene group at its S'-terminal (F1 -A 20 ) 

25 (4) Detection of complementary target oligonucleotide 

[0104] On the analytical element prepared in (2) above was spotted 2 ul_ of aTris buffer (10 mM, pH 7.5) containing 
the F1 -A 20 obtained in (3) above. The analytical element was then kept at 25°C for30 minutes for performing incubation. 
The incubated element was washed with pure water to remove the unfixed F1-A 20 . 
30 [01 05] Thus treated element was placed in 0.1 M potassium chloride-0. 1 M acetic acid buffer (pH 5.60) and subjected 
to differential pulse voltammetry (DVP) in the applied voltage range of 100 to 700 mV. A responsive electric current at 
460 mV corresponding to F1 -A 20 was detected. 

[Example 9 - Manufacture of Oligonucleotide- fixed electrode - illustrated in Fiq 3] 

35 

(1) Preparation of reactive solid carrier 

[0106] A slide glass (25 mm x 75 mm) was immersed in an ethanol solution of 2 wt-% aminopropyltriethoxysilane 
(available from Shin-etsu Chemical Industries, Co., Ltd.) for 10 minutes. Subsequently, the slide glass was taken out, 
*o washed with ethanol, and dried at 110°C for 10 min. Thus, a silane coupling agent-treated slide glass was prepared.' 
[01 07] The silane coupling agent-treated slide glass was then placed for one hour in a phosphate buffer solution (pH 
8.5) containing 5 wt.% of a copolymer having the following formula: 



CONHCH^HCOCHaCHj-SOaCH^^ CONM-CC^-SC^Na 

50 CH 3 

[0108] The slide glass was taken out of the buffer solution, washed with acetonitrile, and dried for one hour under 
reduced pressure, to prepare a reactive plate. 

55 (2) Fixation of Oligonucleotide and Measurement of Fluorescence Strength 

[0109] An oligonucleotide (3'-CTAGTCTGTGAAGTGTCTGATC-5\ 22-mers) having L-glutamylglycine at 3'-terminal 
and a fluorescent label (FluoroLink, Cy5-dCTP, available from Amasham Pharmacia Biotec Corp.) at 5'-terminal was 
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kept at 25-C. 90%RH for one hour. ThusSe p at ii«h h 0) ab ° Ve ' 3nd ,hiS Was 'mediately 

0. 1 wt.% SOS solution and aqueous 2xSS?Sion an7on~ JH fs SUCCessive| V **» * mixture of aqueous 
was placed in an aqueous 0 1 M ti^SmSS^!^^ ^"T, 0 ^ 80 S °' Uti ° n - ThuS washed ^ 
room temperature. (P 1 0) f ° r 1 5 hours ' washed w ^ distilled water,- and then dried at 

the oligonucleotides are well fixed to theSe glass ground fluorescence strength. This means that 

[Example 10 - Manufacture of Oligonucleotide-fixed electrode - illustrated in Fig. 4] 
(1) Preparation of reactive solid carrier 

S^l^^cS^S ISLE.' cTTtS I 3 ? o aqU T T U ° n °» 2 W, % -'-P-Py-triethoxysilane 
washed with ethanol, and dried a, 0 'C To *'o min Thai a si.anecoui ? UbSeqUent,y " thes,ide ^ss was ta7en out, 
[0112] The silane coupling agent-treated si de a as Jw^ n, 7- T" 9 a 9 ent - treated ^ 9"ass was prepared. 
% or 1 , 2 -bis ( viny te u,onyUamide ^^^ZTiS^L^J^ ^ T 8 °> 3 Wt ' 

g w r:rrr rf r nd ^ 
5m 1 w 3 \o? 0 u o s = 

washed with water, and dried for one ho^^^^^^^* f ^ ^ ^ * the 
[0114] The surface amine-group increased olate wS .tZn IZ w P Z ^ amme ^P increased plate. 

3w1.%of1, 2 -bis( V iny,su,fon, a ce P tamide^^ 

washed with water, and dried for one hour under reduced ^1^' P t3ken ° Ut of the solutio ". 

number of vinylsulfonyl groups on its surface P^ure, <° Prepare a reactive plate having an increased 
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[0115] 



SEQUENCE LISTING 
<110> FUJI PHOTO FILM CO., LTD. 

10 

<120> DNA CHIP AND REACTIVE SOLID CARRIER 
<130> 11263 

15 

<140> EP 00 126 448.0 
<14I? 2000-12-06 

<150? JP 11-346157 
20 <151> 1999-12-06 

<150> JP 11-363795 

<1S1> 1999-12-22 

25 

<1S0> JP 2000-084373 

<151> 2000-03-24 



*160> 3 

30 

<170> Patentln Ver. 2.1 

<210> 1 
35 <211> 22 

<212> DNA 

«c2l3> Artificial Sequence 
<220> 

40 

<223> Descnpcion of Artificial Sequence: 
Oligonucleotide 

<4C0> 1 

45 ctagtctgtg aagtgtctga tc 



<211* 23 

50 

<212> DNA 

<213> Artificial sequence 



<220> 

<223> Description of Artificial Sequence: 
Oligonucleotide 

<400> 2 

tcctccatgt ccggggagga tct 
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<210> 3 
<21X> 22 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Targe, 
oligonucleotide 



<400> 3 

15 ctagtctgtg aagttccaga tc 
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Claims 

1 . A reactive solid carrier comprising a solid carrier and a plurality of vinylsulfonyl groups or their reactive precursors 
each of which is fixed onto a surface of the solid carrier by covalent bonding via a linking group. 

2. The reactive solid carrier of claim 1 , wherein the vinylsulfonyl group or its reactive precursor linked to the linking 
group is represented by the following formula: 

10 -L-S0 2 -X 

in which L represents a linking group, and X represents a group of -CR 1 =CR 2 R 3 or -CHR1-CR 2 R 3 Y wherein each 
of R 1 , R 2 and R 3 independently is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, an aryl group 
having 6 to 20 carbon atoms, or an aralkyl group having 7 to 26 carbon atoms in which its alkyl group has 1 to 6 
carbon atoms; Y represents a halogen atom, -S0 2 R 11 , -OCOR 12 , -OS0 3 M, or a quaternary pyridinium group; R 11 
is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, an aryl group having 6 to 20 carbon atoms, or an 
aralkyl group having 7 to 26 carbon atoms in which its alkyl group has 1 to 6 carbon atoms; R 12 is an alkyl'group 
having 1 to 6 carbon atoms, or a halogenated alkyl group having 1 to 6 carbon atoms; and M is a hydrogen atom, 
an alkali melal alom, or an ammonium group. 

20 

3. The reactive solid carrier of claim 2, wherein X is a vinyl group having the formula of -CH=CH 2 . 

4. The reactive solid carrier of claim 2, wherein L is a linking group having an atom of divalence or multiple valence 
other than a carbon atom. 

5. The reactive solid carrier of claim 2, wherein L has a linking atom represented by -NH-, -S-, or -O-. 

6. The reactive solid carrier of claim 2, wherein L is a linking group represented by -(L 1 ) n -NH-(CR 1 CR 2 ) 2 - or -(L 1 ) n - 
S-(CR 1 CR 2 ) 2 -, in which each of R 1 and R 2 has the meaning as defined in claim 2, and L 1 is a linkinq qroup and n 

30 js 0 or 1. 

7. The reactive solid carrier of claim 2, wherein L is a linking group represented by -(U)n-NHCH 2 CH 2 -, in which L 1 
is a linking group and n is 0 or 1 . 



25 



35 



40 



45 



50 



55 



8. The reactive solid carrier of claim 7, wherein which L 1 has a linking group of -SiO- and n is 0 or 1 . 

9. The reactive solid carrier of claim 1 , wherein the solid carrier is a glass plate, a resin plate, a glass or resin plate 
which has been treated with a silane coupling agent, or a glass or resin plate having a coating layer thereon. 

10. The reactive solid carrier of claim 9, wherein the solid carrier is a silicate glass plate, a silicate glass plate having 
been treated with a silane coupling agent, or a silicate glass plate having an organic material coat. 

1 1 . A method for preparing the reactive solid carrier of claim 2, which comprises bringing a solid carrier having reactive 
groups on its surface into contact with disulfone compounds having the following formula: 

X 1 -S0 2 -L 2 -S0 2 -X 2 

in which L 2 represents a linking group, and each of X 1 and X 2 represents a group of -CR 1 =CR 2 R 3 or -CHR 1 - 
CR 2 R 3 Y wherein each of R 1 , R 2 and R 3 independently is a hydrogen atom, an alkyl group having 1 to 6 carbon 
atoms, an aryl group having 6 to 20 carbon atoms, or an aralkyl group having 7 to 26 carbon atoms in which its 
alkyl group has 1 to 6 carbon atoms; Y represents a halogen atom, -S0 2 RH, -OCOR1 2 -OS0 3 M, or a quaternary 
pyridinium group; RH is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, an aryl group having 6 to 
20 carbon atoms, or an aralkyl group having 7 to 26 carbon atoms in which its alkyl group has 1 to 6 carbon atoms; 
R 12 is an alkyl group having 1 to 6 carbon atoms, or a halogenated alkyl group having 1 to 6 carbon atoms; and 
, M is a hydrogen atom, an alkali metal atom, or an ammonium group. 

12. The method of claim 11 , wherein the reactive groups are amino groups, mercapto groups- or hydroxyl groups. 



19 



BNSDOCID: <EP_ 1106603A2„L> 



EP 1 106 603 A2 



10 



1 ' 

1 " re~ b ° y f »i£#^ Viny,SU ' f0nyl ^ » * P-rsor linked to the linking group , 



-L-S0 2 -X 
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in which L represents a linking group and X . 

of Ri, R* and R3 independent? KCiZSTL' 'LT ° f " CR1 = CR2r3 « -CHR 1 -CR 2 R3y wherein each 
having 6 to 20 carbon atoms, or an ar^^p Sin 7 STZ ^ ' *° 6 Carbon at0ms > a ^ 9™P 
carbon atoms; Y represents a haiogen atom -OCOR^ * WWCh " S a ' k >" 9 ro ^ ^ 

's a hydrogen atom, an alkyl group having 1 to 6 carbon aTomT ^ ' ° r 3 ^'e^ Pvndinium group R11 
aralky, group having 7 to 26 carbon atoms in which £ TJSZ ™ f ^ haVi " 9 6 * 20 Carbon ^ms or an' 
havmg 1 to 6 carbon atoms, or a halogenated alM a oun 1* P S t0 6 ° arbon atoms ' R12 * an alkyl group 
an alkali metal atom, or an ammonium group * * " 9 1 l ° 6 Carb0n atoms ^ M is a hydrogen atom 

Kves or the,r analogues fixed onto the surface of Z soS^?/ * ™ c °^P'ementary to the nucleotide deriva- 

22. A method for preparing the reactive solid carrier of claim ? wh^h 
groups on its surface into contact with bifunctionalt:^ 



X 1 -S0 2 -L 2 -X 3 



55 



6 to 20 carbon atoms, or an ara.ky, group having 7 to 2t J S * 9 ' l ° 6 ° arb ° n a,oms ' an 9roup having 
atom S; y represents a ha.ogen atom, -*wJ£££^£^ ^ ^ "« fto 6 caZ 

hydrogen atom, an alkyl group having 1 to 6 carbon atom* ' an 7 3 3 qua,ernar V Pyndinium group; RH is a 
group ha ^ ng 7 t0 26 carbon atoms J ^ gZprsTre^T" 9 6 10 20 Cart> ° n at ° mS ' ° r an 
1 to 6 carbon atoms, or a halogena.ed alkyl group havfng " ,o 6 clln t iS an a ^ having 
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a thioisocyanate group, a succimidoxy group, an aldehyde group, or a carboxyl group. 

23. A reactive solid carrier comprising a solid carrier and a plurality of vinylsulfonyl groups or their reactive precursors 
each of which is fixed onto a surface of the solid carrier by covalent bonding via hydrophilic polymer chains. 

24. The reactive solid carrier of claim 23, wherein the vinylsulfonyl group or its reactive precursor linked to the linking 
group is represented by the following formula: 



- L - S0 2 - X 

in which L represents a hydrophilic polymer chain, and X represents a group of -CR 1 =CR 2 R 3 or -CHR 1 -CR 2 R 3 Y 
wherein each of R 1 , R 2 and R 3 independently is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, an 
aryl group having 6 to 20 carbon atoms, or an aralkyl group having 7 to 26 carbon atoms in which its alkyl group 
has 1 to 6 carbon atoms; Y represents a halogen atom, -S0 2 R 11 , -OCOR 12 , -OS0 3 M, or a quaternary pyridinium 
group; R 11 is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, an aryl group having 6 to 20 carbon 
atoms, or an aralkyl group having 7 to 26 carbon atoms In which its alkyl group has 1 to 6 carbon atoms; R 12 is 
an alkyl group having 1 to 6 carbon atoms, or a halogenated alkyl group having 1 to 6 carbon atoms; and M is a 
hydrogen atom, an alkali metal atom, or an ammonium group. 

25. A method for producing a solid carrier having nucleotide derivatives or their analogues fixed onto its surface, which 
comprises bringing a reactive solid carrier comprising a solid carrier and a plurality of vinylsulfonyl groups or their 
reactive precursors each of which is fixed onto a surface of the solid carrier by covalent bonding via a hydrophilic 
polymer chain into contact with nucleotide derivatives or their analogues having a reactive group which is reactive 
with the vinylsulfonyl group or reactive precursor. 

26. The method of claim 25, wherein the nucleotide derivatives or the analogues are oligonucleotides, polynucleotides, 
or peptide nucleic acids. 

27. The method of claim 25, wherein the vinylsulfonyl group or its reactive precursor linked to the linking group is 
represented by the following formula: 



- L - S0 2 - X 

in which L represents a hydrophilic polymer chain group, and X represents a group of -CR 1 =CR 2 R 3 or -CHR 1 - 
CR 2 R 3 Y wherein each of R 1 , R 2 and R 3 independently is a hydrogen atom, an alkyl group having 1 to 6 carbon 
atoms, an aryl group having 6 to 20 carbon atoms, or an aralkyl group having 7 to 26 carbon atoms in which its 
alkyl group has 1 to 6 carbon atoms; Y represents a halogen atom, -S0 2 R 11 , -OCOR 12 -OS0 3 M, or a quaternary 
pyridinium group; R" is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, an aryl group having 6 to 
20 carbon atoms, or an aralkyl group having 7 to 26 carbon atoms in which its alkyl group has 1 to 6 carbon atoms; 
R 12 is an alkyl group having 1 to 6 carbon atoms, or a halogenated alkyl group having 1 to 6 carbon atoms; and 
M is a hydrogen atom, an alkali metal atom : or an ammonium group. 

28. The method of claim 27, wherein X is a reactive group having the formula of -CR 1 =CR 2 R 3 in which each of R1 , 
R 2 and R 3 has the meaning as defined in claim 27. 

29. A solid carrier having nucleotide derivatives or their analogues fixed onto its surface which is produced by a method 
of claim 25. 

30. A reactive solid carrier comprising a solid carrier and a plurality of vinyisulfonyf groups or their reactive precursors 
a number of which are linked to a polymer chain which is fixed onto a surface of the solid carrier by covalent 
bonding at a number of sites which number is smaller than the number of vinylsulfonyl groups or their reactive 
precursors linked to the polymer chain. 

31 . The reactive solid carrier of claim 30, wherein the vinylsulfonyl group or its reactive precursor linked to the polymer 
chain is represented by the following formula: 
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L -(- S0 2 - X) k 



10 



15 



20 



25 



30 



35 



40 



m which L represents a polymer chain, X represents a group of -CR1=CR2R3 or CHRi r R 2 H 3v „ 
R 1 , R 2 and R 3 independently is a hvdroaen atom i u -CHR'-CRZRSy wherein each of 

6 to 20 carbon atoms, or an ara^gZ having TmSSST* * V**"" ^ an "* 9r ° Up ^ 
atoms : Y represents a halogen SLSTX^^ifS^T! " itS ^ ^ has 1 to 6 carb °" 
hydrogen atom, an a.kyl group having to 6 carbon aToms «„' » ?* ' V qUaternar y W ridinium group; R« is a 
group having 7 to 26 carbon atoms £ which S f T ^ 9r ° UP haVmg 6 10 20 Carbon atoms - ° r an ^ralkyl 
1 to 6 carbon atoms, or Tha^genated TkTaZTlZV^ 1 ? 6 Carb ° n a,0mS; R " ' S a " alk >" ha 4 
metal atom, or an ammonium^ an X i? ^ ^ ^ " 3 Mr ° 9en ^ aJ 

reactive precursors a num£T*5t?B^ ! n J ^ " P ' Urality ° f vi "y |sulf <>"V" 9™Ps or their 

carrier by covalent bonding ^.n^^J^tt n 5^^ 1 ^* * M ^ 3 SUrfaCe ° f the so,id 
or their reactive precursors MnkedZhe oo^mLThfTn , Sma " er th * nUmber of ^'^ny. groups 

34 - s±r b °; s^sss viny,su,fonyi 9roup or i,s reactive p — ,inked * «- p*- — . is 



- L -(- S0 2 - X) k 



in which L represents a polymer chain, X represents a group of -CR1-CR2R3 or r»Ri r R 2 R 3v u • 

36 - o.di c ;;r h ™ n9 "^ 
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